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The present invention relates to an improved method of
reducing sulfur dyes which reduction may or may not be
in conjunction with dyeing of textile materials with the re-
duced sulfur dye. To the. extent such reduction is in
conjunction with dyeing, the present invention also relates
to an improved method of dyeing celiulose textile mate-
rials with sulfur dyes.

Sulfur dyes are made, for the most part, by reacting
sodium sulfide or elemental sulfur with nitro- or amino-
substituted aromatic hydrocarbens, like benzene and
naphthalene. The exact chemical structure of many sul-
fur dyes is not presently known. In their initial state
they are insoluble in water, and can be converted to wa-
ter-soluble form. Conversion of the inscluble form to
the water scluble form may still not reader the dye sub-
stantive toward cellulosic fibers, and the water-soluble but
insubstantive form many require reduction to the substan-
tive form. The stated conversicns have been accom-
plished through reduction with sodium suuifide (MNayS)
or soedium suifthydrate (NaHS) in alkaline medium.
There are other well known water-soluble, but insubstan-
tive, forms of sulfur dyes available, such as the bisulfite
adducts,

The conversions may take place entirely separate and
apart from any dyeing operation, and solely to provide the
dye in marketable form, such as an agueous soluticn of
the sulfur dye in water-soluble, cellulose-insubstantive
form or in water-soluble, cellzlose substantive form. On
the other hand, at least a portion of the conversion may
take place as part of, or in coajunction with, a dyeing oper-
ation.. For example, the sulfur dye in water-insoluble form
or in water-soluble, cellulose-insubstantive form, may be
applied to the cellulosic textile material following which
it is reduced to cellulose-substantive form. Eventually
the dye on the textile material is oxidized back to its in-
soluble form. )

The foregoing has certain limitations which, if reduced
or overcome, could greatly improve the use of sulfar dyes.
For instance, conventional reduction of suifur dyes to
substantive form results in a differential in dye exhaus-
tion on cloth dyed therewith, such as between the neps and
the rest of the cloth being dyed. In addition, in conven-
tional dyeing with sulfur dyes there iz a tendency, during
the subsequent oxidation step using a chromium-contain-
ing oxidizing agent, to form insoluble complexes there-
with. These complexes tend to make the cloth harsh and

 difficult to rewst thus creating problems in finishing the

cloth or in reworking cloth which has been dyed unsatis-

“factorily.

It is the principal object of the present invention to pro-
vide an improved method for reducing sulfur dyes.

It is another object of the present invention to provide
an improved method for dyeing cellulosic textile materials
with sulfur dyes.

Other objects will become apparent from a considera-

tion of the following specification and claims.

The present invention comprises, in the reduction of a
sulfur dye involving contacting said dye with a sulfur-
containing reducing agent selected from the group con-
sisting of sodium sulfide and sodium sulfhydrate in alka-
line medium, the improvement comprising the step of
including with said sulfur-containing reducing agent in
contacting said dye, an alkali metal borohydride. By the
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present invention, the sulfur dye may be reduced from
water-insoluble, cellulose-insubstantive form to water-
soluble, cellulose-substantive form, or the dye may sim-~
ply be reduced from water-soluble, cellulose-insubstantive
form to water-soluble, celiulose-substantive form. The
reduction, by the present invention, may take place in
conjunction with a dyeing operation, as by applying, to
the cellulosic textile material, the sulfur dye in water-
insoluble form or in water-soluble, cellulose-insubstantive
form, and then reducing the dye, according to the present
invention, to cellulose-substantive form. The term “dye-
ing” as used herein includes localized dyeing, that is print-
ing, as well as overall dyeing.

Ail of the operations, conditions and features, including
any pre- or post treatments of cellulosic textile material
being dyed, except for the presence of the borohydride dur-
ing reduction of the sulfur dye and the consequent advan-
tages flowing from its use—including a possible reduction
in the amount of sodium sulfide or sodium sulfhydrate re-
quired—form no part of the present invention, since they
may be conventional.

Thus the reduction will take place in aqueous medium
in which the concentration of sodium sulfide or sodium
sulfhydrate may depend upon the extent of reduction and
upon the concentration of dye or dyes, which in turn may
depend upon the intensity of dyeing desired. The temper-
ature of the reduction medium may vary from ambient
or room temperature to elevated temperatures, even as
high as 230° F., and the exact temperature may be dictated
by the particular dyeing technique used, when the reduc-
tion takes place in conjunction with a dyeing operation.
¥or example, the reduction medium may be applied to
the dye-containing textile material at room temperature
following which the material may be heated, as by steam-
ing. Likewise, as is known, the medium in which the
reduction takes place will be alkaline, usually at a pH of
at jeast 9.5. This is normally provided by the addition
of a water soluble base, usuzally an alkali metal salt or
hydroxide, like sodinm carbonate or sodinm hydroxide.

With respect to the borohydride, it may be any of the
alkali metal borchydrides, especiaily those of sodium or
potassium. Sodium berohydride is presently preferred.
The amount of borohydride emploved may vary some-
what, depending upon the amount of sulfur dye and upon
the conditions, including time and temperature, of ex-
posure of the reduced sulfur dye to oxidation, such as
from air, in the particular system used as will be under-
stood by those skilled in the art. Amounts of borohydride

stween about 0.01% and about 1%, preferably between
about 0.1% and about 0.6%, by weight, based on the
weight of the sulfar dye may be used.

As stated, the reduction may take place separate and
epart from any dyeing operation in which case the boro-
bydride along with the sulfur-containing reducing agent,
may simply be mixed with the sulfur dye to be reduced.
The mixing will take place in water, with sufScient base
being included to provide the desired alkaline pH. The
reduced sulfur dye, in water-soluble, substantive form,
may subsequently be applied to the cellulosic textile ma-
terial.

A sulfur dye solution containing the dye in substantive
form, prepared according to conventional methods, and
containing the stated sulfur-containing reducing agent,
may be somewhat unstable, particularly during handling
and use, with a tendency for the dye to revert to insubstan-
tive form. Thaus, in accordance with a further embodi-
ment, an alkali metal borohydride may be added to such
a sulfur dye solution, before marketing or at least before
application to the cellulosic textile material, to maintain
the dye in substantive form.

If the reduction takes place in conjunction with a dye-
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ing operation, .the cellulosic textile material containing
sulfur dye. in cellulosic-insubstantive form is. contacted
with the reducing medium to reduce the dye.to cellulose-
substantive form. . Thus, the sulfur dye may. be applied
to the cellulosic texiile material in water-insoluble form
ior in water-soluble but insubstantive form and then re-
duced to substantive form according to the present inven-
tion. As is well known, the cellulosic textile material may
or may not be dried or- partlally dried between application
of the sulfur dye and contact with the reducing medium.
If the dye. in substantive form is applied . to the ‘textile
material which is then subjected to a. dyeing -operation,
some or all:of the dye. can revert to insubstantive form
before contact with the reducing medium. Such textile
material, containing - sulfur dye in. insubstantive :form,
may. be treated in:accordance with the present invention
to reduce the insubstantive form of the sulfur dye to sub-
stantive form. Once the dye is on:the cellulosic' textile

material in:cellulose-substantive form, further treatment,

such as rinsing, oxidizing, rinsing, soaping, rinsing, drying,
and so on, proceeds. in the comventional manner. . -

The sulfur dye bath may contain the usual additives,
such as: Glauber’s salf, thickeners, surfactants, and the
like.

Reference has been made herein to the dyeing of cellu-
losic textile material, This will be understood.to include
regenerated cellulose as well as cotton, .in the form of

- form using sodium sulﬁde and a borohydride.
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Example 1 .

In this example sulfur dyes, in water-soluble, cellulose-
insubstantive form, are reduced to cellulose-substantive
The reduc-
tion takes place in conjunction with a dyeing. operation
during which are dyed-a total of 26,526 yards of cotton
cloth as. follows

Yards -Greige~-Construction
15,028 . 4714/ 100/58 3.07
5,000 . _.- : 47" 136/60 3.10
6,498 . o 4T 109/58 2.84

The cloth is preliminarily: treated in a conventional
manxner, including singeing, desizing, kier boiling, mercer-

_ izing, bleaching (hypochlorite) and drying.
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fibers, filaments, yarns:or- cloth, in which the :cellulosic -

material may be the sole textile -material present’ or is
admixed with other, noncellulosic, materials.

As stated previously;.the chemical formula of many
sulfur dyes is presently unknown, although they: are pre-

pared by-fusion of sulfur or sodlum sulfides with an-aro-

matic hydrocarbon usually benzene or naphthalene, con-
taining amino- and/or nitro-substituents. . One water-solu-
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ble, cellulosic-insubstantive form is believed to be a bisul- -

fite adduct of the water-insoluble form. The sulfur dyes,

either in Water-insoluble form or water-soluble, but cellu- .

lose-insubstantive form, are set forth in the Colour Index

of -‘The. American Association of: Textile Chemists and’

Colorists, Lowell Technologmal Institute, Lowell, Mass.
Examples -of sulfur ‘dyes in - water-insoluble form are
(“C.1.”> means Colour Index) : )

CI. 53040—C.L Sulfur Yellow-1 -
C.I. 53160—C.I. Sulfur Yellow. 4
C.I. 53235--C.I. Sulfur Blue 5
C.1. 53440—cC.I. Sulfur Blue .7
. '53571—C.I1. Sulfur Green 2 -
. 53055—C.1. Sulfur Brown 10
. 53246—C.1. Sulfur Brown 14
1. 53830—C.I. Sulfur Red 5. .
. 53185——CI Sulfur Black 1

Examples of sulfur dyes in water—soluble, but cellulose-
msubstannve, form are: .

ClIL 53120’-—C.I. Solubilized Sulfur Yellow, 2
C.1. 53225-—C.1. Solubilized Sulfur:Yellow 8
C.I. 53185~—C.I. Solubilized: Sulfur Black 1. -
C.IL 53000—C.1. Solubilized Sulfur Brown.1..
C.I. 53440—C.I. Solubilized Sulfur Blue 7
C.I. 53721—C.1. Solubilized -Sulfur- Brown 12
C.I. 53270—C.1. Solubilized Sulfur Brown 15 -
C.L 53571—C.I. Solubilized Sulfur Green 2
*CI. 53570—CJI. Solubilized Sulfur Green 3
C.L 53327—C.L Solubilized Sulfur- Brown 51
C.I1. 53005—C.1. Solubilized Sulfur Green 9 -
C.I.. 53470—C.1. Solubilized Sulfur Blue 10

- C.1. 53480—C.1. Solubilized Sulfur Blue 2
C.l 53055—CI Solublhzed Sulfur Brown 10

The followmg examples are- given for the purpose of .

illustration only and are not mtended to limit the scope of
the invention in any way:.
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The sulfur dye is then applied by padding, in'a conven-
tional manner. - The dye bath is an aqueous solution, at
120% F., made,up’ of the following:

281.6 lbs. C.I. Solubilized- Sulfur Brown1
'128.7 1bs. C.I.- Solubilized Sulfur ‘Brown 12
17.6 -1bs. C.I. Solubilized Sulfur Black 1

Water to make 750 gallons

Followmg application of the dye, the cloth is dned in
a hot flue dryer. An aqueous solution of the following
reducmg medium isthen applied by padding, at 90° F.,
in-a conventional manner:

150 Ibs. sodium sulfide
100 1bs. ‘sodium - carbonate

1.875 1bs.. sodium borohydride
6.5 1bs. sedium hydroxide :
Water to make 750. gallons

The cloth is then steamed, at about 225° F.; for 25
seconds, rinsed, oxidized with sodium bichromate .and
acetic ‘acid, rinsed again, soaped with detergent and so-
dium carbonate, rinsed-again and dried, all according to

:conventional procedure

-The dyed cloth is extremely level in appearance, shows

less ‘neppiness” and has improved rewettability in subse-

guent resin-finishing, as compared to-the same material

- treated in the same manner but omitting the borohydride.

The ‘dyed cloth is also markedly- free from bronziness.
The ‘shade uniformity of the run is excellent and shows

less variatibn than that normally anticipated.(

- Example 1I -

“In this example sulfur dyes, in water-soluble, cellulose-
insubstantive form, are reduced to cellulose-substantive
form with sodium -sulfhydrate ~and borohydride. The

" reduction is-in con]unchon W1th a dyeing ‘operation as

in Example 1. :
- A solution of 3 oz./ gal C.IL.: Solublhzed Sulfur Brown
51 and: 1 oz./gal. C.1. Solubilized: Sulfur Green 9, in

“water, at-140° F., is padded onto 41’7.78/78 4.05 cotton

- cloth-"t0.70% plckup The cloth is then dried in:a hot

- 60

flue dryer.
An aqueous solution contammg 2. 4%, by wexght s0-
dium- sulfhydrate; 0.8%; -sodium- carbonate; 0.05% so-

- diim borohydride, and- 0.16% sodium hydrozxide, at 90°

265
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F., is then padded onto the cloth.. The cloth is then
steamed, . at ~about 225° -F., for- 30 -seconds, rinsed,

- oxidized with sodium' bichromate and acstic acid, rinsed,
- soaped;. rinsed- and “dried, -2l according: to -conventional
procedure The results‘are comparable to those obtained"

in Example I
Example ur

TIn this example water-insoluble sulfur dyes are reduced

" to water-soluble, cellulose substantlve form using -sodium

_sulﬁde and borohydrlde

A mixture of 6 oz./gal. of CI. Sulfur Brown 37 and -

2 oz./gal. of C.I Sulfur Green- 16, in ‘water, at 140° F.,

o
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is padded onto 41" 78/78 4.05 cotton cloth to 70% pick-
up. The cloth is then dried in a hot flue dryer.

An agueous solution containing 2.4%, by weight, of
sodium sulfide; 0.8% sodium carbonate; 0.05% sodium
borchydride, and 0.16% sodium hydroxide, is then pad-
ded, at 100° F., onto the cloth. The cloth is steamed, at
about 225° F., for 30 seconds, rinsed, oxidized with
sodium bichromate and acetic acid, rinsed, soaped, rinsed
and dried, all according to conventional procedure. The
results are comparable to those obtained in Example L

Example IV

In this example water-insoluble sulfur dyes are re-
duced to water-soluble, celiulose-substantive form using
sodium sulfhydrate and borohydride. .

The procedure of Example I is followed with 2.4%
sodium sulfhydrate, instead of sodium sulfide, in the re-
ducing bath, and using the following mixture of dyes:

16 oz./gal. of CAL Sulfur Green 16
7.3 oz./gal, of C.I Sulfur Yellow 4

The results are comparable to those obtained in Ex-
ample L.

Medification is possible in the selection of particular
conditions, amounts of materials and techniques without
departing from the scope of the invention.

I claim:

1. In the reduction of a sulfur dye involving contacting
said dye with a sulfur-containing reducing agent selected

from the group consisting of scdium sulfide and sodium -

ulfhydrate in alkaline medium, the improvement com-
prising the step of including with said sulfur-containing
reducing agent in contacting said dye, an alkali metal
borohydride,

2. The method of claim 1 wherein said alkali metal
borohydride comprises sodium berohydride.

3. In the reduction of a sulfur dye from water-insolu-
ble form to water-soluble, cellulose-substantive form in-
voiving contacting said dye with a sulfur-containing re-
ducing agent selected from the group consisting of
sodium sulfide and sodium sulfhydrate in alkaline me-
dium, the improvement comprising the step of including
with said sulfur-containing reducing agent in contacting
said dye, an alkali metal borohydride.

4. In the reduction of a sulfur dye from water-soluble,
cellulose-insubstantive form to cellulose-substantive form
involving contacting said dye with a sulfur-containing re-
ducing agent selected from the group consisting of
sodiwm sulfide and sodium sulfthydrate in alkaline me-
dium, the improvement comprising the step of including
with said sulfur-containing reducing agent in contacting
said sulfur dye, an alkali metal borohydride.

5, In the dyeing of cellulosic textile material with a
suifur dye involving contacting said dye with a sulfur-
containing reducing agent selected from the group con-
sisting of sodium sulfide and scdium sulfhydrate in alka-
line medium to reduce the dye to water-soluble, cellulose-
substantive form, the improvement comprising the step
of including with said sulfur-containing reducing agent
in contacting said dye, an alkali metal borohydride.

6. The method of claim 5 wherein said alkali metal
borohydride comprises sodium borohydride.

7. In the dyeing of cellulosic textile material with a
sulfur dye involving applying to said material a sulfur
dye in cellulose-insubstantive form and thereafter con-
tacting said dye-containing material with a sulfur-con-
taining reducing agent selected from the group consisting

b3

20

40

[l

0

(8
(33

60

5
of sodium sulfide and sodium sulfhydrate in alkaline me-
dium to reduce said dye to cellulose-substantive form, the
improvement comprising the step of including with said
sulfur-containing reducing agent in contacting said dye-
containing material, an alkali metal borohydride.

8. The method of claim 7 wherein said alkali metal
borohydride comprises sodium borohydride.

9, In the dyeing of cellulosic textile material with a
sulfur dye involving contacting said dye, in cellulose-
insubstantive form, with a sulfur-containing reducing
agent selected from the group consisting of sodium sulfide
and sodium sulfhydrate in alkaline medium to reduce said
dye to celiulose-substantive form and thereafter applying
said dye in cellulose-substantive form to cellulosic textile
material, the improvement comprising the step of includ-
ing with szid sulfur-containing reducing agent in contact-
ing said dye, an alkali metal borohydride.

10. The method of claim 1 wherein said borohydride
is present in an amount between about 0.01 and about
1%, by weight, based on the weight of the sulfur dye.

11. The method of claim 1 wherein said borohydride
is present in an amount between about 0.1 and about
0.6%, by weight, based on the weight of the sulfur dye.

32. In an alkaline aqueous solution of a sulfur dye in
water-soluble, cellulose-substantive form containing also
a sulfur-containing reducing agent selected from the
group consisting of sodium sulfide and sodiuvm sulfhy-
drate, the improvement comprising an alkali metal boro-
hydride in said solution with said dye and said sulfur-
containing reducing agent.

£3. The composition of claim 12 having a pH above
9.5.

14. In the preparation of an agueous solution of a
sulfur dye in water-soluble, cellulose-substantive form in-
volving reducing a sulfur dye form cellulose-insubstan-
tive form to cellulose-substantive form with a sulfur-
containing reducing agent selected from the group con-
sisting of sodium sulfide and sodium sulfhydrate in alka-
line medium, the improvement which comprises adding
to said solution an alkali metal borohydride,

15. In the dyeing of celiulosic textile material with
sulfur dye invelving applying to said material an aqueous
alkzaline solution containing sulfur dye in cellulose-sub-
stantive form and a sulfur-containing reducing agent
selected from the group consisting of sodium sulfide and
sodium sulfhydrate, the improvement comprising the step
of adding to said solution, before application to said ma-
terial, an alkali metal borohydride.
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